WE estimated the serum levels of IL-6, TNF-a and IL-10, and generation of superoxide radicals, as well as their mutual dependence, in 63 SLE patients at various stages of disease activity. Our results indicate a statistically significant increase of the serum levels studied, and an increase of superoxide anion generation by granulocytes, in correlation with SLE activity. These results indicate that oxygen metabolism and the examined cytokines play an important role in pathogenesis of SLE. The assessment of these parameters can be useful in the estimation of disease activity.
Introduction
Systemic lupus erythematosus (SLE) is a multisystem disease that is caused by tissue damage resulting from antibody and complement-fixing immune complex deposition. Inflammatory responses triggered by local formation and deposition of antigen-antibody immune complexes are responsible for the clinical manifestations of vasculitis and involvement of internal organs. Inflammation in systemic lupus erythematosus, mediated by a complex interaction of the cellular and humoral components of the immune response, plays an important role. For years SLE has been considered as a disease caused by B cell hyperactivity and concomitant T cell hyperactivity. 1 However, currently many authors claim that SLE is a T cell-dependent disease. 2 In order to explain the mechanisms responsible for immune regulation in SLE, cytokines have become the object of intensive studies. 3, 4 These proteins may affect different cells and are also involved in immunity processes and inflammatory responses. Some data show that interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a ) play an important role in the pathogenesis of SLE. 5 According to some studies, interleukin-10 (IL-10) plays a superior role over IL-6 and TNF-a in some autoimmunological and inflammatory diseases, including SLE. 6 -8 Interleukin-10 is a pleiotropic cytokine produced mainly by lymphocytes T and B, monocytes and mastocytes. It exerts multidirectional influence on the processes of immunological response and inhibits the production of IFN-g by lymphocytes T, and IL-6, IL-1 and TNF-a by macrophages. It also suppresses the production of active oxygen forms by activated macrophages, and stimulates the proliferation and differentiation of lymphocytes B and the synthesis of immunoglobulins by these cells, in particular in the presence of IL-4. The literature on the role of IL-10 in the development of SLE is scarce and controversial. 6 In recent years active oxygen forms produced in the processes of biological oxygenation and reduction have raised the interest of researchers.
9 Spontaneous non-controlled reactions which give excessive amounts of active oxygen forms, and cause defects of protective enzymes, may be one of the pathogenic elements in the diseases of inflammatory background, like SLE. 10, 11 The most common reactive oxygen forms in the human organism are: superoxide anion radical (O 2 .-), hydroxyl radical (OH . ), hydrogen peroxide (H 2 O 2 ), nitrogen oxide (NO) and others.
The mechanism of destruction of cells and tissues caused by superoxide radicals is based on both direct toxic influence on the cells and indirect effect via the production of other biologically active compounds. 12 The goal of our study was to estimate the serum levels of IL-6, TNF-a , IL-10 and superoxide anion radicals in patients suffering from SLE. In this study we tried to find the correlation between the serum levels of these parameters and the disease activity.
Patients and Methods
The study comprised 63 patients with SLE (60 women and three men) aged between 12 and 60 years. The diagnosis was based on the presence of at least four out of 11 diagnostic criteria established by the American Rheumatological Association. The duration of the disease was from 4 months to 24 years. During our study 51 patients were treated with glycocorticosteroids, and five with glycocorticosteroids in combination with azathioprine (Table 1) . In all patients the activity of the disease was determined according to the SLAM (systemic lupus activity measure) scale, as described by Liang et al. 13 It lists 33 clinical and laboratory manifestations of SLE. Each of them is assessed as either active or inactive. Possible scores with this scale vary from 0 to 86 points.
The active stage of the disease (over 10 points) was found in 32 patients, including 21 not treated with immunosuppression. The remaining were in clinical remission, among whom seven were not treated and 24 were treated with low, maintenance doses of immunosuppressive drugs ( Table 2 ). The control group constituted 16 normal individuals, matched for sex and age.
Laboratory tests
On the day of blood sampling for IL-6, TNF-a , IL-10 and the following laboratory parameters were analysed: complete blood cell count (CBC), erythrocyte sedimentation rate (ESR), blood urea nitrogen and creatinine level, fibrinogen level, partial thromboplastin time (PTT), immunoglobulins (IgG, IgA, IgM) and complement (C3, C4), urine level and the level of anti-DNA antibodies.
Serum sampling
Venous blood samples for cytokines determinations were collected into pyrogen-free tubes and centrifuged within 20 min after being allowed to clot at -4°C for 1 h at 2000 g for 10 min at the time of clinical assessment. The serum obtained by us was divided into aliquots and stored at -25°C until assayed. IL-6, TNF-a , IL-10 were assayed by specific commercially available, enzyme-linked (ELISA) assay kits (Quantikine, R&D Systems Inc., USA) in accordance with the manufacturer's protocols.
In each assay the appropriate recombinant human cytokine was used to generate the standard curve. The sensitivities of the assay were: IL-6, 0.3 pg/ml; TNF-a , 0.5 pg/ml; IL-10, 7.8 pg/ml. The generation of the superoxide anion radical by peripheral blood granulocytes was determined by the method of Bellavite et E. Waszczykowska et al.
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Statistical analysis
Differences in parameters between groups were evaluated with Student's t-test. The chi-squared and Fisher's exact tests were used to analyse the relationship between cytokines and generation of O 2 .
-at rest and in periods of SLE activity. Internal distribution data were analysed by Student's t-test. Correlations were evaluated using Spearman's rank-serum correlation coefficient and linear regression calculated with the least-squares method. Results are presented with R2 coefficients. Comparisons and correlations were considered significant when P<0.05.
Results
The concentration of IL-6, TNF-a , IL-10 and the generation of anion radical O 2 .-was significantly higher in patients with SLE and correlated with the activity of the disease (Fig. 1) . Table 3 in the serum of all patients with SLE, treated and not treated, and 16 normal individuals. In patients with SLE, mean level of IL-6 was 5.63 pg/ml and was statistically significantly higher in comparison with the control group (P<0.001). The highest level of this cytokine was observed in patients who were at the most active phase of the disease (>10 points in SLAM scale). In our own studies the mean level of TNF-a in patients with SLE was 3.2 pg/ml, while in the control group of normal subjects it was many times smaller, 0.65 pg/ml. The difference in the concentration of this cytokine in all the patients with SLE and in group 1 was statistically significant (P<0.001) and its level correlated with the activity of the disease. The highest level of this cytokine was observed at the most active phase of the disease, before treatment had started. After 7 days of therapy the mean level of TNF-a in these patients decreased significantly and was similar to that observed in patients in the non-active phase (<10 points in SLAM scale).
Mean concentration of IL-10 in the studied patients was 8.6 pg/ml and it was three times higher than in the control group. The level of IL-10 concentration,
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Mediators of Inflammation · Vol 8 · 1999 similar to that of IL-6 and TNF-a , correlated with the activity of the disease (Fig. 1 ). Similar to other authors, 15 we have not found dependence between the concentration of this cytokine and the applied treatment in our group of patients. However, the level of this cytokine was found to correlate with the levels of TNF-a , IL-6 (Fig. 2) and the generation of supraoxide anion radical (Fig. 3c) . The degree of generation of O 2 .-was significantly higher in the patients and positively correlated with the activity of the disease and applied immunosuppressive treatment (Table 3) . Also, a statistically significant positive correlation was seen between the concentration of all studied cytokines and the level of O 2 .-generation (Fig. 3) . We have not observed any influence of the applied treatment on IL-6 and IL-10, either in the active or non-active phases. However, the treatment in the active phase statistically significantly decreased the level of TNF-a concentration and degree of O 2 .-generation (Table  3) .
Discussion
The pathogenesis of systemic lupus erythematosus is still not fully understood. Recent studies show that some cytokines play a role in the immunological dysregulation in this disease: the literature indicates cytokines of the inflammatory group, i.e. IL-6 and TNF-a . 16, 17 Elevated levels of IL-6 have been reported in neoplasms, infections and immunological diseases. 18 After treatment, the concentration of this cytokine decreased almost two-fold, which can be explained by the significant influence of glycocorticosteroids on the synthesis of this cytokine. In clinical remission, patients receiving maintenance doses of drugs showed a further decrease in the level of this cytokine. The results obtained in this group were statistically significantly lower than those from patients in a more active phase. In clinical remission of activity (score <10 points in SLAM scale) the levels of IL-6 were the lowest and did not differ statistically from those in normal subjects. No statistically significant difference was noted as to the mean concentrations of IL-6 in treated and non-treated patients in the active phase. This fact may be due to the increased expression of cellular receptors for this cytokine during treatment. 19 Increased levels of IL-6 in various diseases of the connective tissue were described by other authors. 16, 17, 20, 21 Spronk et al., 22 in a group of 71 patients with systemic lupus erythematosus, demonstrated statistically significantly higher levels of this cytokine in those patients who were in the exacerbated phase, and in particular in those cases where changes in the central nervous system were present. Also, in vitro studies confirm the role of IL-6 in the development of SLE, as they showed that lymphocytes T and B and monocytes of patients with SLE produce higher amounts of this cytokine compared to normal subjects. 16 TNF-a has a peculiar effect on human SLE B cells. This cytokine is a growth factor in normal individuals, but in patients with SLE it inhibits B cell proliferation and spontaneous production of IgM. 23 Several groups have reported that in vitro production of TNF-a by stimulated PBMCs decreases in human SLE. 24 At the same time, other investigators have reported that serum levels of TNF-a in SLE are normal or increased. 17,25 -27 The mechanism of TNFa action in SLE is unclear. Although TNF-a protects NZB/NZW mice from the renal disease, this therapy does not decrease the titers of anti-DNA antibodies. Moreover, treatment with low-dose TNF-a accelerates renal disease and mortality rate. This phenomenon is probably connected with an immunosuppressive influence of glycocorticosteroids on biosynthesis of TNF-a . 28 Only one report 27 did not show a correlation between the concentration of this cytokine and the activity of the disease. This may be due to different sensitivity and specificity of the determination method used, e.g. immunoenzymatic or biological method, and the numbers in the groups studied.
Interleukin 10 is a pleiotropic cytokine which may exert immunostimulating and immunosuppressive effects on various types of cells.
7 IL-10 is a cytokine with an suppressive effect on antigen presentation and T cell-mediated immune reactions, and is also capable of stimulating polyclonal IgG synthesis. 29 In vitro studies revealed that IL-10 plays a significant role in the pathogenesis of SLE. Administration of anti-IL-10 antibodies delayed autoimmunisation processes and the formation of renal changes in an animal model on New Zealand mice, NZB/NZW F1. 8 Also, in vitro studies showed that stimulated mononuclears from peripheral blood of patients with SLE produce increased amounts of this cytokine. 30 Both in vivo and in vitro studies revealed that antibodies against IL-10 decrease the production of immunoglobulins, including anti-DNA antibodies. 29 It is extremely interesting that the dysregulation of IL-10 production, previously identified in SLE patients, is also present in healthy members of families with several cases of SLE, and it may contribute to the immunological abnormalities affecting the relatives of SLE patients. 31 These observations may confirm not only the importance of this cytokine in the pathogenesis and course of SLE, but also its superior role over other studied proteins which take part in the cytokine cascade. Literature on the possibility of determination of IL-10 in serum of patients with SLE and in healthy individuals is controversial. Houssiau et al. 15 found detectable concentrations of this cytokine in only 37% of sick and 3% of healthy subjects. In our own studies, detectable levels of this protein were found both in the studied group and in the control group. In SLE patients it was also found to correlate with the activity of the disease. It seems that the increased release of this cytokine in patients with SLE is connected with a defect of its inhibitory effect on other cytokines.
In inflammatory diseases, including SLE, phagocyte cells surrounding immunological complexes release high amounts of highly reactive oxygen forms, including supraoxide anion radicals, into the extracellular space, 32 which in turn affect cellular structures, damaging them, or in favourable conditions reacting with iron ions. The direct effect of this oxygen outbreak is damage to cellular membranes. The literature on the level of active oxygen form production, and their role in the pathogenesis of inflammatory diseases is controversial. Ara and Ali, 33 in their group of SLE patients, found higher production of free radicals and lipid superoxides compared to normal controls. The authors claim that these radicals may enhance the production of autoantibodies, inflammatory changes in the kidneys and other internal organs. Witt et al. 34 claim that determination of the level of free radical generation, dependent upon local release of cytokines, may be useful in the evaluation of the severity of pulmonary changes in SLE and systemic sclerosis patients.
Benke et al. 35 report lack of correlation between the degree of O 2 .-generation and the activity of the disease, although they found increased production in free radicals in patients with SLE. Our own results indicated that while the activity of the disease increases, a significant growth in superoxide radicals generation is observed P<0.001. Positive correlation between the level of release of free radicals and levels of studied cytokines indicates that oxygen metabolism plays an important role in the pathogenesis of SLE.
Under physiological conditions IL-10 inhibits both 7,31 the process of IL-6, TNF-a release and the generation of O 2 .-. In the group of the patients examined by us we did not observe this phenomenon. Despite this, there was a statistically significant positive dependence between the concentration of IL-10 and levels of IL-6 and TNF-a and generation of O 2 .
-. This pathological reaction is probably caused by a defect of inhibiting influence of IL-10 in SLE patients on other parameters examined by us.
Oxidative stress functions like a triggering mechanism, leading to an increased production of a number of cytokines, including IL-6 and TNF-a . Lymphokines stimulate polynuclear lymphocytes to phagocytosis and degranulation, and thus increase the generation of free oxygen radicals. Oxidative stress and processes responsible for the production of cytokines interact reciprocally like a vicious circle, and therefore it is difficult to state the reason for this and what the result is. Possibly all these mechanisms together play a significant role in the pathogenesis and course of SLE. Our own results, and the demonstrated correlation between the analysed proteins and the activity of the disease, confirm this hypothesis. As IL-10 seems to play a superior role over the cascade of reaction of release of cytokines and active oxygen forms, which leads to cell destruction, monitoring the concentration of this cytokine may be useful in the evaluation of the activity of the disease.
